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SUMMARY

Purpese

The purpose of this study was to ascertain the extent to which &
polysensory, self-pacing instructional system is effective in teaching
concepts and high level perceptual-motor skills involved in electric
arc welding. The study sought to ascertain variations in amounts of
time and repetition pupils of various ages and abilities required to
reach defined levels of knowledge and skill. It also identified points
at which students experience difficulty in the use of the system and
ways the system can be improved.

Population

Population of this study consisted of 15 high school industrial
arts students, 10 freshman and sophomore college students, and 10 adults.
High school and college students were classified into low, average, and.
high ability categories. Scores on numerical and verbal sections of
the School and College Ability Tests an- the Differential Aptitude 7ests
were used as ability measures.

Procedure

A polysensory, self-pacing instructional system was developed.
The system was comprised of six components -- pretests and posttests,
a general instruction book, equipment to practice arc welding, progranmed
instruction books, loop films demonstrating arc welding procedures, and
self-evaluation devices.

A1l subjects were administered pretests to determine facts and
skills each possessed before using the system.

Subjects were given general direction about use of the system and
were then directed to proceed at their own pace and to repeat phases of
work as often as they deemed necessary to produce a weld of a quality
predetermined as satisfactory by a jury of experts.

Performance scores, errors made, frequency of fiim viewing, and
time used to complete the system were recorded on frequency tables to
show differences between the performance of high school, college, and
adult groups of various ability levels. Analysis of variance was used
to test the significance of the difference between means of time used
to complete the system by the high school, college, and adult groups.
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Results

A11 subjects acquired levels of knowledge and performance pre-
determined as satisfactory by the jury of welding experts.

High school students used more time than college and aduit stu-
dents to complete the system but the difference between mean times of

the coilege and aduit groups was statistically insignifTicant.

Time necessary for individual subjects to reach satisfactory
levels of performance ranged from 3 hours and 30 minutes to 13 hours,
10 minutes. The average was 5 hours and 10 minutes.

Time used to complete the instructional system varied extensively
between and within ability levels and groups. College and adult groups
required less time than the high school group to complete the instruc-
tional system.

Frequency of film viewing varied between and within groups. The
adult group viewed the films least often. In the high school group,
high ability level students viewed the films most often.

Errors in use of programmed instruction books varied. The high
school group made 14 errors; the college group made no errors; and
the adult group inade two errors.

Results of checkup review tests indicated that all participants
gained in knowledge. Numbers oF errors were similar for different
groups and for students with various ability levels.




CHAPTER I
STATEMENT OF THE PROBLEM

The purpose of this study is to ascertain the extent to which a
polysensory instructional system is effective in teaching concepts
3 and high levei perceptual-motor skills involved in electric arc weld-
9 ing. The following evidence was scught.

1. How much time is needed for students of various ages with
various levels of Tearning capabilities to acquire defined
levels of knowledge and skill from use of the system?

2. How much repetition of film viewing is necessary for ac-
quisition of defined levels of knowledge and skill?

3. At what points do students experience difficulty in the
o use of the system?

4. In what ways can the system be improved?

Significance of the Study

Studies show th?t when several senses are involved, learning
. is greatly enhanced.'! This study is an attempt to provide additional
information about the capability of a polysensory instructional system
to enable three groups of students to acquire knowledge and to develop
prescribed levels of perceptual-motor skills. The groups are high
school students, freshmen and scphomore college students, and adults.
This study also provides additionai information about the capability
of a polysensory instructional system to enable students having three
F: levels of ability (low, average, and high) to acquire prescribed levels
3 cf knowledge and perceptual-motor skills.

Background of the Study

. During the Fifteenth and Sixteenth Centuries, books began to make

4 information and ideas more generally available. Since then, there have
. been many- significant deveiopments in educational technology. The first
- sound motion picture for classroom use was developed in 1929. In the

-3 intervening years motion pictures have developed rapidly. In addition

- new developments in printing and television have enlarged potentials for
more effective instruction.
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Use of these technological capabilities has been given impetus
by the social and economic forces. Such forces include rapid tech-
nological change, the growth of knowledge, the civil rights movement,
and growing urbanization. Expanding school enroilment, dropouts, and
youth problems are increasing the need for teachers and more eofficient
means of instruction. Concern for national defense adds pressure for
educational improvements.

Other forces affecting education inciude federal educational
programs which are shaped from aroused public concern for the rights
of the individuals, poverty, vocational, and professional education.

Pressure to improve education is also coming from a growing demand
for continuing adult education. Technological progress requires fre-
quent retraining of skills for workers, and earlier retirement has
developed a new need for adult education.

The changing picture of American education creates new challenges
and opportunities for educators. Modern developments of vocational-
technical curricuia and a substantial increase in the number of voca-
tional-technical students require the utilization of educational tech-
nology to meet the needs of this ever increasing group of students.
According to Slaughter, "the potential contribution of technology to
education is enormous . . . and will depend upon the research and
development effort put behind the planning and production of systems of
technology."?2

The potential contribution of technology to educational needs will
be governed in part by effectiveness of research. To be effective, a
research and development program requires clearly defined objectives to
delineate the direction of the research. Slaughter states:

Educational technology is not just destined to grow
It seems likely to grow in certain directions. One
unmistakable direction will be the development of
educational technology on a systems basis, with close
and direct relevance to the purposes of education and
objectives of instructions and with a maximum contri-
bution being made by each comporent of the technology
to the end resuit obtained in the system. Claims for
the system will_be supported by research and experi-
mental results.3

One such development is exemplified by the polysensory system con-
cept. This concept shows promise of providing a broader base in course
development and new opportunity for use of combinations of communica-
tion aids which are not fully utilized at present.

Essence of Polysensory Instructional System

The concept of polysensory instructional systems implies use of
several types of stimuli to involve various senses in the learning

3




process. This is accomplished by using combinations of media and
practice to guide learning.

McPherson notes tHat a systems approach to instruction has three
ba ic characteristics.” First, it requires an ecological appi0ach.
Subject areas must he related to each other as fully as possible and
methods and materiais used must represent an application of the best
means of giving an individual the kinds of expariences most likely
to result in desired learnirgs. The central purpose is to make all
of education a systematic who's for learners. Various specialists
can contribute to such systems.

A second element of a system is a requirement for a detailed
analysis of learning objectives specific to the subject field and to
learner. Other elements include identification of the kinds of learn-
ing activities to be carried on t¢c gain objectives and the methods
and media which will enable learners to engage in appropriate learn-
ing activities.

A third characteristic of a system as defined by McPherson re-
quires learning resources be s..ured and/or produced and organized
into an arrangemeni{ which makes it possible for learners to engage in
activities required te reach learning objectives. This implies
experimental development of a system of learning resources, appraisal
of its use, and redesign until learning gains are satisfactory.

The systems approach offers a scienti:ic method for organization,
statement, and derivation of alternative pessible sclutions to the
many problems of irstruction. Eight design requirements and classifi-
cations for system development have been propcsed by Robert E. Corrigan.5

1. Statement of objectives for instruction and individual
learning expressed in performance terms.

2. Determination of the essential (minimal) subject matter
to meet the stated objectives.

3. Ordering of subject matter into a program format designed
to expedite the learning objectives.

4. Highly individualized student participation on a continu-
ously active basis featuring the recurrent requirement
for overt, observable responses to strengthen the learn-
ing process and to evaluate student achievement.

5. Controlled pacing of instruction consistent with student
performance as measured by the pre-established criteria
of learning.

6. Highly directed communication by the "instructor” (media)
using the "tutorial" or "coach-pupil" two-way communica-
tion model to insure continual and purposeful interaction
between "instructor and student."




7. Incorporation throughout the system of those fundamental
principles essential to efficient learning, such as:

a. knowledge of results of performance

b. immediate correction of incorrect response

c. purposeful repetition and reinforcement scheduling

d. directing the student in purposeful learnirg sequences
with his prior knowledge of learning objective present
and future.

8. Statement of interim and final performance requirements and
measures.

For a better understanding of the systems, it will help to examine
what 2appens when a student learns by use of such instruction. Haizlip
explains:

First the student masters information in small
steps. Each step presents a carefully sequenced
unit of information such as a rule, definition,
example, illustration, or fact which builds tightly
on the precedi:g materials.

He then utilizes this new material in making
an active response. The step or part that teaches
also asks him to complete a sentence, select a
correct alternative, give an example, complete a
diagram, or some other overt response. Making this
response is not difficult in itself, but it guaran-
tees that attention will be paid to significant
information.

Finally, the student is presented with immedi-
ate confirmation or feedback in the form of the
correct answer. In a teaching machine, the correct
answer may come to view when a knob is turned; with
programmed instruction the student might turn the
page to reveal the correct response; or the student
might compare his result with correct examples or
solutions. This technique permits new learning to
be reinforced immediately and corrects wrong re-
sponsgs before learning proceeds on faise prem-
ises.

Good systems of instruction are carefully designed, produced,
tested, and then revised. When errors accumulate, the system is
inadequate. A study of the wrong responses will reveal inadequacies
and corrective changes can then be made. Systems developed in this
manner may be used by students with relatively few errors.

Systems of instruction can be self-pacing, and each learner can
advance at his own best rate. In contrast to the relatively fixed
pace of the traditional classroom, both slow and fast learners work
at appropriate paces without undue pressure or waste of time. An
assignment which a fast learner might finish in six hours may require




fifteen hours for a slower one. Yet both can reach similar levels of
achievement.

Conventional classroom teaching is often aimed at a hypothetical
average student who, in fact, may not exist. In such cases, the rapid
learner is held back while the slow learner cannot keep up. Few
students have a chance to respond in any given session, and the teacher

may favor those who are most able to respond verbally. In contrast,
systems instruction ic learner-centered, encouraging each student to

work at his best rate. Such individualization permits the student to
pause for reflection without penalty.

There are other functions appurtenant to a polysensory system
which may have future influence on educational achievement. Some of

these functions are:
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5 1. Relieving the teacher of functions that can be performed
: by cther media so that they can devote their time and

1 talent to teaching responsibilities that require personal
professional services.

2. Helping each student to achieve for himself the full re-
alization of his talent and capacity for education by
providing instruction where it is needed, and when it is

needed. - .

3. Utilizing the reinforcement principle of learning.

. 4. Providing more flexibility in educational organization
and process. -
. 5. Enlarging the self-instructional dimension and means of
gg}ping pupils acquire information and performance capa-
ities.

Definition of Terms

Polysensory Instructional System

A polysensory instructional system consists of a combination of
instructional materials and processes with each component making a
maximum contribution to specified educational objectives. The system
emphasizes utilization of as many senses of the student as is feasible
to maximize learning and to facilitate instruction.

Instruction Book

. The Instruction Book utilizes programed instruction to reinforce
the learning of knowledges and skills shown in the films.




In the books prepared for use in this study a fact is presented
and then followed by an incomplete sentence relating to the fact. The
student is directed to correctly complete each sentence by writing
words in the spaces provided. Correct answers are shown on the back of
each page for immediate reinforcement. A review test is provided at
the end of each programed instruction unit. If the student encounters
difficulty while compieting a test, he is directed to review the films
and appropriate parts of the instruction book. When he can answer all

mmdi 2demman -~ ~deVaan o~ P Y Y . .
test items corrvectly, he proceeds to practice as directed.

Single-Concept Loop Film

The films developed for this study utilize both color and sound.
They are continuous film locps enclosed in piastic cartridges. The
student can independently view each film as often as necessary without
rewinding. The fiims show basic knowledges and skills necessary to
join itwo pieces of steel by arc welding. The comments recorded on the

films exnlain the facts, principles, and procedures that are illustrated.

High Level Perceptual-Motor Skill

This is a learned muscular movement of advanced complexity acquir-
ed as a result of responding to sensory stimulus. High level perceptual -
motor ‘skills require a constant surveillance and concentration for in-
stantaneous reaction to varying stimulus cues generated by overt respon-
ses. In learning high Teve! perceptual-motor skilis for electric arc
welding, it is imperative that the student adjust his overt responses
to cues that are developed while tiie welding operation is occurring.
These cues result from the student manipulating the electric welding
arc in certain ways. When his manipulations result in development of
correct cues, a satisfactory weld is formed. when the manipulations
result in unsatisfactory cues, the student must recognize them and
adjust his overt responses to create correct cues and a satisfactory
weld.

Practice Sessions (Skill Development)

<

Practice sessions with electric arc welding equipment were arranged
to provide the student with opportunity for application of knowledge and
deveiopment of skills described by the films and programed instruction
books .

Practice sessions were designed to give students experience with
each of the four basic processes. Upon completion of programed instruc-
tion for each part of this unit, the student was directed to practice
in a manner similar to processes shown in the films.

Safe and proper use of equipment was required at all times. Such
use is illustrated by the fiims previously viewed by the student.
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Satisfactory Performance

Satisfactory performance is obtained when a student's proficiency
level corresponds with the criteria established by a jury of welding
specialists. Student performance is evaluated by comparison of the
quality of his welds with those illustrated on performance checklists.

High Ability

High school students whcse total scores are from 75 to 100 per-
centile on the Numerical and Verbal Sections of the Differential
Aptitude Test (Form L) or on the Verbal and Quantitative Sections of
tge]?chool and College Ability Tests (Form 2A) are classed as high
ability.

College students whose composite scores are from 78 to 100 per-
centile on the Verbal and Quantitative Washington Pre-College Test
Battery are classed as high ability. :

Average Ability

High school students whose total scoves are from 26 to 74 per-
centile on the Numerical and Verbal Sections of the Differential
Aptitude Test (Form L) or on the Verbal and Quantitative Sections of
the School and College Ability Tests (Form 2A) are classed as average
ability.

College students whose composite scores are from 24 to 77 per-
centile on the Verbal and Quantitative Washington Pre-College Test
Battery are classed as average ability.

Low Ability

High school students whose total scores are from 0 to 25 per-
centile on the Numerical and Verbal Sec.ions of the Differential
Aptitude Test (Form L) or on the Verbal and Quantitative Sections of
the]School and College Abiiity Tests (Form 2A) are classed as low
ability.

College students whose composite scores are from 0 to 23 per-
centile on the Verbal and Quantitative Washington Pre-College Test
Battery are classed as low abiiity.
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CHAPTER 11

REVIEW OF RELATED DEVELOPMENTS AND RESEARCH

Five centuries ago when the first book was printed with movable
type, the foundation was laid for major developments in education.
Education today is facing another forward surge. The electronic age
is changing our traditional notions of education. The role of the
teacher and the nature of the learning process must be re-examined
in the iight of new educational technology.

Burns suggests that programs for using the new technology should
consider the best uses of devices such as:

1.

Centralized tape libraries from which local school systems
could select, for example, an entire course of instruction
or specialized lectures prepared by the greatest teachers
in specific fields.

Closed-circuit TV systems for a school district or region
and individual video tape players--the hear-and-see de-
vices--to enable each classroom to utilize the course
materials that can be made available to every school.

Electronic teaching machines that have been particularly
successful in language instruction.

Programmed learning systems for detailed, repetitive in-
structicn.

Scanning devices in each classroom that would be 1inked
to the library and records office to free teachers from
many routine functions.

Computer:centers for grading examinations for a school
or an-entire school district relieving teachers of a
time-consuming chore.

Computers for cataloging and retrieving information.

A flexible open-circuit educational TV network to bring

a vari*ty of current-events type instruction to class-
rooms.

n




Burns proposes that to obtain maximum use of tgese and other
devices, systems of instruction might be developed.

According to Slaughter:

The realization of the potential contribution
of technology to education will depend upon the
perspectives and successful development of sys-
teme of technoloov. in which each component in
nature and function as a part of the system
makes a synergistic cqntributign to the total
result obtained by the system. '

Specialists in the analysis and design o systems vary in their
definitions of sysiem or system design. A de’inition prasented by
Donald Stewart provides a comprehensive ver:ion for use here. He
states: ' ' - '

A Tearning systews approach is an effort to
organize and condense those necessary or desired
experiences as concisely and systematically as
possible so as to increase the probability that
1earning will occur in an efficient manner. A
Learning Systems concept, wl.en applied to educa-
tional or training courses, offers an opportunity
to develop or rebuild these courses to be signi-
ficantly more effective and efficient in relatioa
to the learning tasks and goals of the students.

Canfield explains:

The systems approach to instruction embodies
the major characteristics of any system; speci-
fically defined objectives; detailed plans for
their achievement in identifying all crucial
elements gnd their interreactions; and continued
feedback.® ‘ '

Corrigan proposes:

System requirements are postulated to organize
and develop the methods and materials of instruc-
tion including automatic teaching most consistent
with efficient individual: learning requirements in
both individual and group settings. The under-
lying philosophy of this system provides the most
meaningful rationale to organize, coordinate agd
direct the efforts of all contributing groups.

The concept of a systematic approach to the management of learning
s not new. However, the burgeoning field of instructional technology
has opened the way for many alternative instructional patterns. In
developing a system of instruction, Egbert suggests that the following
steps be followed:

12




As a first siep to guide the development of systems for
schools, operational goals must be stated. Furthermore,
priorities must be attached to those goals to enable the
system designer to plan effectively.

The second step is to produce a descriptive model of the
system. The system thus stated must be so designed as to
permit achieving the stated goals. Thus, the initial de-
scription must be *ideai” oriented and must be divorced
from restrictions imposed by reality. To ensure internal
consistency and to permit close analysis of the plan,
logical flow diagrams must be constructed.

Step three involves computer simulation of the model.

This simulation should include representation cf students,
school personnel, curriculum, space, and equipment and
should examine various operating ruies. Computer simu-
lation will enable manipulation of the model and will

give additional information about its characteristics

and requirements.

Based on expzrience in simulating the model, a decision
must be made whether the model is ready for initial docu-
mentation. The making of this decision is indicated as
step four.

If the model requires changes before documentation is
accomplished, the designer moves to step five which
calls for making necessary modifications in the model.
He then proceeds through another simulation phase. -

If the simulatfon study demonstrates that the model is
theoretically sound, a document should be prepared de-
tailing personnel and material requirements of the
system as represented in this model.

With the requirements of an ideal system specified,
the next step is to test these requirements against
reality--both as to availability of personnel and
material and feasibility of applying the program.
(By feasibility, we refer to such problems as cost
and relationships with school patrons.)

The reality test described_as step seven provides the
basis for another decision--whether the system is ready
for implementation. If the system is not ready for im-
plementation, the designer must return again to step
five, make modifications to the model and move again
through steps three, simulation; five, documenting;

and six, reality testing.

If the system proves to be ready for field testing,
the system designer should attempt tests in schools

13
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representiyg as wide a range of designs and requirements as
possible.

? her writers such as Briggs,8 Hamblen,® Ailen,10 and
Gagne!l seem tc agree on the value of basic procedures as noted above
when designing a2 learning system. ' '

Media seiection is based primarily on the need to provide stimull.
The polysensory instructional system utilizes multi-media to supply
instructional events needed for learning and to provide instructional
stimuli required in the correct sensory mode and proper quality.

In the past years numerous studies have tested use of various
media for teaching performance skills such as reading, typing, ath-
letic skills, and mechanical assembly of equipment. To achieve the
development of skills, demonstrations have been made and presented,
then cencurrent practices have baen provided for learners. Many of

these studies ware walated to the oneration of one piece of equipment.

Instruction is composed oy stimuli to provide the external condi-
tions for learning. The media selected for this-study were those
which were expected to be most adequate for presenting stimuli to
maximize learning via combinations of the visual, aural, and tactual
senses. Therefore, this review of literature has been arranged in
three parts: {1) motion picture film research, (2) programmed
instruction research, and (3) participation of the student in task
performance.

Studies Related to Motion‘Piétures

Polysensory instruction systems aimed at development of percep-
tual-motor capabilities may include the use of sound motion pictures.

Research indicates that motion pictures can be éfféctive in

teaching both factual 1?£ormat10n and perceptual-motor skills.
Vandermeer and Cogswel112 successfully used films to teach trainees

how to operate a motion-picturs projector.

A study by Harby!3 found that demonstrations projected by means
of ¥ilm loops in daylight proved as effective as a Tive instructive
demonstration and that daylight projection of fil: "oops is a practical
wqyioI providing on-the-spot film demonstrations in perceptual-motor
training.

# study by Murnin, Harby, and Ha,yes‘4 concludes that learning
from fiim did occur to a significant extent. They also found that
daylight projection of film loops can teach perceptual-motor skills
with an effectiveness approaching that achieved by expert instructors
using live demonstrations.

Rim‘lancf|5 {ndicates that in teaching a simple perceptual-motor
skill it is better to repeat the same visual presentation of a
demonstration. This study lent support to the efficacy of constant
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repetition as it is used in the projection of short film loops. It was
suggested that as the skills become more complex some variation in
repetitive presentation of certain phases of the action may be needed
in order to introduce additional learning cues, a few at a time.

In tr*&ning engine 1athe operators over a prolonged period
Vandermeer'® found that film instruction cut tha working tims,
resulted in a reduction of the period of trial-and-error learning,
and incraased learning of factual inforination. Vandermeer suggested
that films are perhaps more effective in teaching the more complex
skills than the simple ones.

The results of an experiment by Jaspen!’ to teach an assenbly
of the breech block of the 40 mm. anti-aircraft gun indicated that
a slow rate of development is a most important factor in making a
teaching film effective. - As new material is introduced in a film
1t should be covered pictorially at a slow speed that is consistent

with other considerations. He found that repetitions of the demon-

stration of the task will add considerably to teaching effectiveness
of a given task, even when the film is otherwise already effective.
Jaspen recommended that, in addition to showing right ways to perform
a task, 7ilm should also point out common errors to be avoided.

l(at:s]8 and .Jaspen]9 found the use of technical nomenciature.
and adding elements does not’ facilitate learning and may actually
interfere with skill development. ' ‘ o

Beck and Lumsdaine20 in an intersive study used an exploratory
comparison of two methods of teaching the assembly and disassembiy of
a portable radar station. One method of teaching was with a film
and the other was with competent instructor using a scale model.

The results suggest that film was at least as effective as a com-
parable lecture-demonstration by a highly compatent instructor.

It was indicated that the film method would have been much more
effective than an average or poor instructor.  Further observations
were that the film-instructed group performed more as a t:am and
required less on-the-job instruction. '

RoschaIZ] found the effectiveness of films designed to teach
perceptual-motor skills such as knot tying will be improved if the
task is pcrtrayed from the viewing angle of the Tearner as he will
perform the act. He also concluded that fiim showing motion was
more effective than a series of static shots for learning of
perceptual-motor tasks. -

A study conducted by Nelson a~d Moll22 deals directly with the
relative contributions to l1earning made by (1) the visual channel,
(2) the auditory channel, and (3) the visual and auditory channels
combined, in instructional films. The one clear-cut finding 1s
that both the audio and video channels working together are much
more effective than either one alone. Evidence indicated that even
in films in which the narration contains the greater part of the
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material to be learned, the visual element is almost as effective in
comunicating the material as the narration.

The problem of optiggm verbalization has been the focal point of
several studies: Jaspend found it is possible to have too many or
too few words in the narration of an ‘instructional #iIm. The most
effective rate was about 100 worde per minute, o

Zuc:kev'malrlz4 fecund that verbal descriptions assist the learnar,
but when the rate is increased will interfere with and actually
reduce learning. He noted that directive statements using the impera-
tive mood or the second person action were most effective in promoting
learning. He also concluded that where the learner must be alerted to
2 relationship or detail to be presented on the screen, some advance
direction in terms of ‘commentary "lead" is desirable. T

A study by Rim'land25 indicated that a medium level of verbali-
zation was probably more affactive than a much higher or lower level.

In a study of ths affect of attention-gaining devices on £iim-
mediateu learning Neu?® found that where instruction is the principal
aim, producers should present the subject matter in a simple, straight-
forward way, and avoid the use of such fancy and expensive devices

as spotlighting, Zooms , extreme magnification, and stop motion, to

gain the Tearner's attention. -

A study conducted by McNiven27 investigated effects on learning
of the perceived usefulness of the material to be learned. He found
the nearer the individual perceives himself to be to the us2 of infor-
mation from a film, the greater will be the learning.

Studies of Programed Instruction

Programed instruction is an element of learning systems arousing
much current interest and research. Articles relating to programed
instruction have appeared in psychclogical, educational, and indus-
trial journals over the past few years. Many programs in various
subjects have been develcped, tested, and are being used. A review
of some such studies will contribute an understanding of programed
iastruction as it is used in this system. Most of the studies compare
similarities and differences of programed instruction and ‘traditional
methods of fnstruction. ' e

Schramm states:
There has been a considerable amount of research
on programed instruction--probably somewhere near

100 exper -ents. Indeed, no teaching medium has 28
ever come into use in such an atmosphere of research.
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He continues:

This research leaves us in no doubt that programs
do teach. A great deal of learning seems to take
place, regardless of the kind of program or the
kind of students. Even a-bad program is a pretty
good teacher. Programs have been used successfully
at all levels of the educational system, at all
levels of ability from slow 1earners t¢ the very
best students, and to teach a great variety of
aﬁ??:mic subject matter and verbal and manual
S S. '

We can accept confidently, therefore, the con-
ciusions that programs do teach. But how they
teach, and what combinations of characteristics29
make them teach better, is still much in doubt.

Schramm adds:

One cannot help but notice the incompleteness
of the research on the effective forms of pro-
gramed instruction. It must be admitted that,
as of now, the reported literature really gives
all too little guide to programers who would
do a superior jcb. For the most part, the
research on which a programer must chiefly rely
is his own empirical study of the way his first
test subjects recpond to his program; those
five, or six, or ten test cases, he may find
more helpgsl than the same number of formal
articles.

Twe basic styles of programming are commonly used. Goldste1n31
describes them as (1) linear programs and (2) “intrinsic" programs.
In the linear program as developed by Skinner a constructed response
type of frame is used. The material is presented in small bits or
steps in a logical sequence in whick each succeeding frame is in
some way related to the preceeding frame or frames: Within each
frame the learner is required to make a constructed response to the
stimuius material. After the learner's response has been made, the
correct answer is reve2led tc him.

In "intrinsic" programming as developed by Crowder, the learner
s presented with as many as three or four paragraphs of material
to read within one frame. He then is required to make a response
by choosing the correct-answer firom 2 given multiple choice. If
the learner cheoses currectly, he is sent on to the next frame.
If he selects an incorrect response, he is told that he is wrong
and why he is wrong. He is given some additicnal information and
is then sent back tc the original frame to make another choice.
This kind of programming, when used with the textbook format, is
known as "scrambled text."
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The question arises as t 2which style of programming is most
effective. According to Tro a program for any topic or course
could contain a combination of the two procedures, using the one
that 1s more satisfactory for any part of the content. He sug-
gested that linear methods may be quite satisfactory for teaching
facts and concepts, and branching methods ar. better for dealing
with opinions and implications. Trow concluded that there is no
final answer as to the superiority of the linear versus the
branching program, and decisive experiments will be difficult.

Programed textbooks have advantages of economy and avail-
ability. They show promise of being effective in teaching perceptual-
motor skills as well as knowledge.

COIeman33 concludas from an experiment in programming the care
and use of aircraft mechanics' hand tools that programed instruction
can teach knowledge ftems more effectively than conventional instruc-
tion and also accomplish the instructicen in less time. He noticed
it was of particular significance that programed instruction can
very effectively train students in simple manual skills.

Lang and Melton34 found 1in developing'a'mechanicé1 training
program with the K-38 revolver that tools and equipment which are
:equired tc perform a task must be included in a program to insure

ts success.

An experiment by Krumboltz and Bonamitz35 suggested that more
learning will occur when the confirming response appears in its
appropriate context than when it-appears in isolation.

Gmoppelr"36 found fn a recent study that when a visual (pic-
torial) presentation of the coficept to be learned preceded a verbal
(print) presentation of the safié concept, the learning was signi-
ficantly greater and took significantly less learning time than
when the verbal presentation preceded the visual one.

Gordon37 investigated the effect of a programed textbook
on student learning of 16mm motfon picture projection principles
and projector operation skills. His findings showed that students
who used programed textbook with visuals learned principles in:
less time than did a lecture group. But, when tha students used
programed textbooks with visuals as a step toward learning pro-
jector operation, they had difficuity transferring skills infor-
mation from the book to the machine. Perhaps a combination of
prograned textbooks and other instructional media wouia ennance
the learning of both skills and knowledge.

Studies Related to Practice Se§sions

A study by Margolius and Sheff1e1d38 searched for optimum
methods of combining practice with filmed demonstration. They
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(conceptual learning). Considerable research has also been done in
the area of purely motor training. Little has been done to test
various means of acquiring combinations of verbal and motor develop-
ment. '

Loop films are widely used in schools, industry, and the armed
forces, But 1ittle research has been done regarding their effective-
ness 13 teaching conggpts and high Aevel perceptual-motor skills.
Allen, 4 Meierhenvy, = and Gerlach®® have suggested combinations of
Toop films and audio information as means of making instruction more
efficient. Such combinations can be utilized in polysensory systems
of instruction.

There is abundant evidence that each of the components used in
the polysensory instructional system developed for this study can
teach. The need now is for research to cetermine the results of
combining media and procedures in various ways.
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CHAPTER II1

DESIGN AND PROCEDURES

This experiment was designed to determine the effectiveness of
a polysensory instructional system for helping students acquire
electric arc welding knowledges and skills. Emphasis was placed on
utilizing two or more senses in the learning process. The purpose
of the study was to determine results obtained by use of the poly-
sensory system. The purpose was not to determine if the system was
superior to other methods of instruction. A control group was not
used because this study was not comparative. Instead, acceptable
criteria were established by juries of experts, and student achieve-
ments were measured in terms of the established criteria. Compari-
son of the results with the established criteria necessitated that
instructional procedures and information presented by the system be
the same for all students.

In accord with this concept, each student worked in a laboratory
setting with an instructor present at all times. The instructor
functioned only to iantroduce the student to use of the system, to
observe and record student performance, and to direct the student
should performance become hazardous to him or detrimental to the
equipment.

Design of the Study

This study was designed as follows:

1. A major instructional need was identified in the area of
electric arc welding. The need was identified by a study
of clusters_of krowledges and skills widely useful in crafts
and trades.!

2. A target population was selected.

3. Behavioral objectives were formulated.

4. Experimental instructional materials were devel=ped. These
consisted of: -

a. an instructor's guide

b. an instruction book including programed instruction
c. demonstration l1oop fiim with sound
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d. equipment and design for practice sessions
e. display boards of weld examples tc serve as evaluation
criteria.

5. Evaluation instruments and procedures were developed. These
consisted of:

a knowledge pretest

a performance pretest
knowledge checkups
performance checklists

QO U

6. The polysensory instructional system was tested.

7. The test results were analyzed and reported.

The Polysensory Instructional System

The polysensory system used in this study utilized the following
media and methods:

1. Demonstration loop film to provide visual and aural information

2. Programed information for reinforcing learning initiated by the
films

3. Practice sessions to develop skills

4. Weld examples to serve as reinforcement of motor skill develop-
ment and as evaluation criteria.

. The system was designed to facilitate instruction by providing the
necessary equipment, materials, and procedures for efficient and effec-
tive learning experiences for each student. The system was developed
in the following manner:

1. The behavioral objectives were established and arranged in
purposeful sequence.

2. Types of learning involved in reaching each objective were
identified.

3. Stimuli which would induce each type of learning were identified.

4. The stimuli served as criteria for selection of media that would
be most useful in the polysensory instructional system.

5. Media were selected with regard to effectiveness of stimuli.

26




A S A YT R N R SO A R S P L DG PN

AHTAS T4 i, ol oy . \J
2 .',«N" 1 .‘:"‘ RSN 2 gl amaico STETR TPty S ;,“.4\ S s
. »

General Conditions

The experimental nature of the polysensory instructional system
and the need for uniformity in testing the system requirad that general
conditions be established to guide the researcher and students. These
conditions were as follows:

1. Each student was provided equipment and material necessary to
join two pieces of metal by the electric arc welding process.

2. Each student was responsible for use of the equipment and
materials necessary to complete the unit.

3. Each student worked individually except when an introductory
film was shown to the group. -

4. No student was allowed to proceed in an unsafe manner or in
ways detrimental to the equipment.

5. Each student was instructed to perform in such a manner as
to produce a weld of quality consistent with criteria.

The researcher was available at all times to observe and record
student performance.

Operational Objectives

An operational objective was established to provide an indication
of results obtained by use of the system. The objective served as a
basis for determining criteria for evaluating results of all instruc-
tion provided by the four parts. The following operaticnal objective
was selected: The student will acquire ability to join two pieces of
steel by the electric arc welding process.

Behavioral Objectives

A thorcugh analysis of skills and knowledges necessary for eiectric
arc welding provided basis for establishing criteria for behavioral
objectives for the learner for each part of instruction. Source
materials utilized in developing behavioral objectives are listed in
Appendix A. Evaluation of student performance was based upon criteria
derived from the behavioral objectives. The objectives are:

1. Part #1 -- Equipment and Safety
The student will wear appropriate clothing while welding.

The student will adjust the welding machine for 125 amperes.
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The student will identify the electrode holder and the bare
end of the welding electrode. He will place the bare end of
the welding electrode in the groove of the jaws of the
electrode holder.

2. Part #2 -- Striking an Arc

The student wiil turn the welding machine ON before welding
practice and turn it OFF after weiding practice.

3. Part #3 -- Running Beads
The student will make straight welding beads.
The student will use a chipping hammer and wire brush to
remove the slag from the weld beads and clean the metal
surface.

4. Part #4 -- Fillet Weld

The student will make a fillet weld.

Instructional Components

A combination of instructional media and objectives were selected
to achieve these objectives. The following components were used:

16mm Sound-Color Film, “Fundamentals of Shielded
Arc Welding Process"

The purpose of this sound-color film was to provide the students
with a general knowledge of industrial arc welding processes. This

_film was 25 minutes in length.

Demonstration Loop Fiims

Four demonstration loop films were developed in the Industrial Arts
Department of Washington State University. Each film was from four to
five minutes in Tength. Previously established behavioral objectives
were utilized in establishing criteria for producing films that would
teach specific knowledges and skills necessary to electric arc weld two
pieces of steel together.

Each film formed a continuous 1oop and was enclosed in a plastic
cartridge for use in the Fairchild Mark IV projector. This made it
possible for each student to view the films as often as he desired with-
out rewinding.

Skills and knowledges presented in the films viere evaluated by a
three-man jury of welding specialists.
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Narration was recorded on the magnetic sound strips of the films
to reinforce visual concepts presented in the demonstration loop films.
Care was used to develop the film and sound in a manner consistent
with the findings of research.

A jury of educational experts evaluated the films for consistency
with accepted criteria for effective instructional film. The contents
of the films ‘are as follows:

e s ||

i. Film #1 -- “Equipment and Safety

The primary purpose of this film was to introduce special
clothing, equipment, supplies, and safety factors necessary
in electric arc welding processes.

2. Film #2 -~ "Striking an Arc"
This film demonstrated the technique of striking an electric
welding arc. It is necessary to establish a correct welding
arc prior to performing the electric arc welding process.

3. Film #3 -- "Running Beads"

The process of making weiding beads and correct procedure for
cleaning them was shown in this film. Safety was emphasized.

4. Film #4 -- "Fillet Weld"

This film showed the equipment, materials, and skills required
to make a fillet weld by the electric arc welding process.

Instruction Book

The instruction book was prepared to introduce the student to the
system, to briefly outline the purpose of the system, and to provide
step-by-step procedures for advancement through the system. The
instruction book also provides programed instruction to reinforce the
learning of knowledges and skills shown in the film.

The programed instruction is presented in four parts -- one for
each of the four films. The programed instruction was developed in
accord with acceptable principles and procedures.

Content, organization, and format of the programed instruction
was evaluated by the jury of educational experts which evaluated the
demonstration films. Revisions were made as suggested, and the book
was then printed. The four parts in the instruction book were numbered
and titled as follows:
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Part 1 "Equipment and Safety"

Part 2 -- "Striking an Arc"
Part 3 -- "Running Beads"
Part 4 -- "Fillet Weld"

The programed instruction was of the linear type. The items were
stated in small sequential steps so that each student would make correct
responses and proceed a short distance each step. The student was
directed to write appropriate words as response indicating his recall.
The instruction was self-pacing, and each student proceeded at his
own rate. Immediate feedback and reinforcement were provided by placing
correct responses in context on the back of each page. A review test
was provided at the end of each programed instruction unit. If the
student encountered difficulty while completing a test, he was directed
to review the films and appropriate parts of the instruction book.

When he could answer all test items correctly, he proceeded to prac-
tice as directed.

Each frame in the programed instruction also included pictorial

illustrations referring to the major concept introduced in that frame.
The pictorial illustration preceded the verbal or printed presentation.

Practice Sessions

The purpose of practice was to provide the student with opportunity
for application of knowledge and development of skills shown in the
films and programed instruction boo.s.

Practice sessions were designed to give students experience with
each of the four basic processes. Upon completion of the programed
instruction for each part of the unit, the student was directed to
practice in a manner similar to processes shown in the films.

Safe and proper use of equipment was required at all times. These
were illustrated by the films which the student had viewed. The instruc-
tor was responsible for making certain that these practices were followed.

If a student neylected to follow safety practices or began to use
equipment in a detrimental manner, the instructor stopped him immediately.
The student was informed why he was stopped and directed to review the
agpropriate film. After reviewing the film, the student proceeded with
his work.

Teacher's Guide

A teacher's guide was prepared to help teachers understand the pro-
cedures utilized in the polysensory instructional system. The role of
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welding in modern industry and the purpose of the electric arc welding
unit are briefly outlined in the guide. To assure maximum gain for
all students, teachers using the system were asked to follow the
procedures as outlined in the guide.

Evaluation Procedures

Pretests were used to determine facts and skills each student
possessed regarding electric arc welding processes before he was pro-
vided with this instruction. There were two pretests. Both were
given prior to any instruction regarding electric arc welding.

The first was a performance pretest covering tasks necessary to
Join two pieces of steel by the arc welding process. Complete instruc-
tions accompanied the test which was administered to individual students.

The first step of the performance test required the student to
discriminate between various items and equipment necessary to make a
weld bead. If the student selected the essential items, he was request-
ed to prepare the equipment and materials for use. Students who did
not select the necessary equipment and materials in the first step did
not proceed to the second step.

Students correctly preparing equipment and materials for the weld-
ing operation proceeded to make a weld bead. Students producing a
satisfactory weld bead during the performance pretest were not included
as subjects of this study because it would be difficult to measure what
they had learned from use of the system.

The knowledge pretest was administered to students who did not
satisfactorily complete the performance pretest. This was an objective,
myltiple-choice, paper-and-pencil test consisting of thirty questions.
This test covered knowiedges to be taught in the self-instructional
system. It was administered on a group basis. Complete instructions
accompanied the test.

The instructor assured students that evaluation results would net
be used to determine student grades for the course in which they are
enrolled and that results would be used only to help each student iearn
what he needed to do next to reach his objective.

The principle of continuous evaluation is a basic element of the
self-instruction21 system. This is an integral part of the system. The
evaluation was done by the student, the instructor, or by both; but in
all cases, results were immediately available to the student. The
results determined whether the student proceeded to the next phase of
wWork or repeated previous work to acquire skills and knowledge he needed
tc proceed.

Two forms of self-evaluation tests were used: (1) knowledge review
tests and (2) performance tests.
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The knowledge review tests were used to evaluate the student's
knowledge of information contained in the films and programed instruc-
tion. These were incorporated into the Instruction Book and were used
by the student at the end of each unit of programed instruction.

The pe-formance tests for each instructional unit were used to
evaluate the student's proficiency in performing tasks presented by
the films. They were used to evaluate student's performance during
and upon completion of practice sessions. A separate performance
test was provided for each practice session.

The quality of welds made by students were evaluated by compari-
sor: with examples mounted on display boards. Mounted examples included
correct and incorrect samples showing common errors made by beginners.
The student compared his work with examples on the board and filled
in a progress checklist.

Performance checklists were used to evaluate students' proficiency
in learning skills and utilization of knowledge presented by the films.
SatisTactory levels of performance were established for each part of
the experiment by the jury of welding specialists who evaluated the
instructional content of the film. It was necessary for the student
to perform at this level of satisfactory performance before he was
permitted to progress to the next part of the system.

One purpose of this study was to determine how much time was
needed to complete the polysensory system of instruction. Therefore,
the jury of educationai experts decided it was not necessary to
establish a maximum time 1imit for successful completion of the sys-
tem nor was completion time considered to be a critical factor in
determining the success of the system.

A film evaluation form was included in the instruction book.
Participants filled out this form immediately after viewing each
single-concept film. This data will contribute to revision and
irorovement of the system.

Administration and Use of the Polysensory
Instructional System

1. Pretests were administered individually to the students.

For the performance pretest, equipment and materials necessary
for performing the electric arc welding operation were made available
close to the work station. Subjects were asked to select equipment and
materials necessary to make a weld.

The knowledge pretest was administered individually and in
groups as directed by instructions accompanying the test. The test was
composed of thirty incomplete sentences and four choices of ways to
complete each one correctly. From the four choices with each incomplete
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sentence the student selected the one he thought would complete the
sentence correctly.

2. The 16mm film, "Fundamentals of Shielded Arc Welding
Techniques,” was shown to the group.

The purpose of this film was to provide students with a
general knowledge of industrial arc welding processes. Since the
purpose of this experiment was to determine what students learn from
these instructional materials themselves, no advanced student pre-
paration was given.

3. The following equipment and materials necessary for pre-
sentation of the polysensory instructional system for
electric arc welding were made accessible.

a. Instructional equipment and materials:

Fairchild Mark IV Projector
Demonstration loop film:
"Equipment and Safety"
"Striking an Arc"
"Running Beads"
"Fillet Weld"
Instruction Book
Display boards:
Example weld beads (mounted)
Example fillet welds (mounted)

b. Materials, tools, and equipment fo: use in practice
sessions:

Lincoln A.C. "Idealarc" 250 arc Welder

Welding leads

Electrode holder

Ground clamp

Chipping hammer

Wire brush

Five gallon water bucket (3/4 full of water)

Pliers

Supplz of pre-positioned steel for fillet
wel

Metal clamp

Welding head shield with safety flip 1id

Welding gloves

Welding apron

Welding jacket

Welding practice table

Supply of welding electrodes, 1/8" E6013

Practice steel (3/16" thick, 3" wide, and
5" long)

Stand to position steel for fillet weld
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4. The student was introduced to the system.

The instructor showed the student where the equipment and
materials were assembled. Students' questions regarding materials and
equipment were answered. Operation of the Fairchild projector was
demonstrated. If a student had previously learned how to use the
projector, he was asked to demonstrate his ability to operate it.

The student was provided the instruction book which directed
him, step-by-step, how to use the system, and its use was explained
by the instructor. As the student proceeded through the system, the
teacher was available at all times to observe and record student per-
formance, to answer questions or to provide help when the student
could no longer proceed on his own, and to make certain the student
proceeded in a safe manner.

5. The student's performance was evaluatad.

Performance checklists were utilized for evaluation of each
practice session. Evaluations were completed while the student was
proceeding with each session.

The completed checklists were placed in envelopes bearing
the student's name. The envelopes were sealed and filed for use in
determining the results of the instructional systenm.

6. After the system was completed by each student, the equip-

ment was cleaned and materials checked and prepared for
the use of the next student.

Participants in Study

Thirty-five students participated in this study: fifteen high
school industrial arts students, ten freshmen and sophomore college
students, and ten adults.

The high school group was composed of six students from the
Anatone, Washington, school and nine students from the Lake Oswego,
Oregon, school. One student was in the ninth grade, eight were in
the tenth grade, four were in th2 eleventh grade, and two were in the
twelfth grade.

The college group was composed of ten student volunteers from
Washington State University, departments of agriculture, architectural
engineering, and irdustrial arts. Four of the group were freshmen, and
six were sophomores.

The adult group was composed of ten volunteers. Two were carpen-
ters and one was an electrician. Two were professors of education, two
were professors of architectural cngineering, and three were graduate
teaching assistants, all at Washington State University.
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Statistical Procedures

Results of numerical and verbal sections of the School and College
Ability Tests and of the Differential Aptitude Tests were used £o place
high school students into three categories. High ability category
included those from the 75 to 100 percentile; the average category
included those from the 26 to 74 percentile; and the low category in-
cluded those from 0 to the 25 percentile.

Results of verbal and quantitative sections of the Washington
Pre-College Test Battery were used to place college students into
three categories. High ability included those from the 78 to 100
percentile, average ability included those from 24 to 77 percentile,
and low ability refers to those from 0 to 23 percentile.

Analysis of variance was used to test the significance of the
differences between the performance of the groups. Procedure utilized
for analysis of variance is described by Garrett.2 It compases result-
ing variance ratios with F values in an appropriate F table.

Results of the system were analyzed to determine observable dif-
ferences between the three groups and between high, average, and low
ability students. Data recorded on tables and analyzed included:
performance pretest scores, knowledge pretest scores, performance
scores, knowledge review test scores, time needed to acquire knowledges
and develop skills in each part, total time needed to satisractorily
complete the instructional system, number of times the films were
reviewed, and mistakes made in use of the programed instruction.

Limitations

1. Only high school students enrolled in industrial arts classes
were included in this study. The college and adul. groups
were composed entirely of volunteers. Numbers of nith school
and college students in the high, average, and low ability
levels were not equal.

2. There was no way of controlling student learning outside of
the instructional system between practice sessions. However,
the equipment necessary for skill development was not
readily available to participants outside the system.

3. Levels of interest and motivation may have varied between
participants.
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Footnote References -- Chapter I11

i114am A. Bakamis and Others, "Identification of Task and
Knowledge Clusters Associated with Performance of Major Types of
Building Trades Work," Vocational-Technical Education Project,
Department oFf tducation, Washington State University, Puiiman,
Washington, December, 1966.

2Hem'y E. Garrett, Statistics in Psychology and Education
(New York: Longmans, Green and Co., 1960), pp. 276-308.

3Ibid., pp. 451-54
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CHAPTER IV

FINDINGS

A11 participants reached the predefined level of performance
established by the jury as representing competence. Time used to
complete the instructional system varied between the three groups
-- high school students, college students, and adults. Time used
also varied between individuals within the adult group and between
individuals of high, average, and low ability in the high school and
college groups.

An analysis of variance as described by Garrett! was used to
test the significance of the differences between means of total time
to complete the instructional system for the three groups.

A summary of analysis of variance for all groups presented in
Table 1 shows the calcu;ated F is larger than the F in the column
of scores from Table F.¢ This indicates that the means of the high
school, college, and adult groups do in fact differ by a significant
amount.

T e e A S A N e S e N A TS A R ST N e o (R (o

The F score calculated for all groups furnished a comprehensive
or overall test of the significance of the difference among means for
; the three groups. This F score does not tell which means differ
4 significantly, therefore, an analysis of variance was used to test the
significance of the differences between means of total time to complete
% the instructional system for the high school and college group, for
i the high school and adult group, and for the college and adult group.

TABLE 1

SUMMARY: ANALYSIS OF VARIANCE OF TIME USED BY ALL
GROUPS TO COMPLETE INSTRUCTIONAL SYSTEM

Source of Sum of | Mean Square | From Table F for
Variation | df Squares | (Variance) F dfy 2 and df, 32

?
|
!
!
;
{
:

IR A S RO N e TR TR A S

Among the
Means of 2 1309,468.817 | 154,734,4085
] Groups
roup F at .05 3.29
13.56}
Within F at .01 5.34

Groups 32 {399,378.333| 11,410.8384

Tota] | 341708,847.150 .cee
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Summary of analysis of variance for the high school and college
groups preseinted in Table 2 shows the calculated F is cgnsiderably
larger than the F in the column of scores from Table F.° This in-
dicates that the means of the high school and college groups are signi-
ficantly different at the .05 and .01 levels.

Summary of analysis of variance for the high school and adult
groups presented in Table 3 shows the calculated F is much greater
than the F in the column of scoires from Table F.® This reveals that
the means of the high school and adult groups are significantly
different at the .05 and .01 levels.

Summary of analysis of variance for college and adult groups
illustrated in Table 4 shows the calculgted f is much smaller than the
F in the column of scores from Table F.° This indicates that there is
no significant difference between means of total time to complete the
instructional system for the college and adult groups.

TABLE 2

SUMMARY: ANALYSIS G- VARIANCE OF TIME USED BY HIGH SCHOOL
AND COLLEGE GROUPS TO COMPLETE INSTRUCTIONAL SYSTEM

Source of ~Sum of | Mean Square From Table F for
Variation df Squares (Variance) F df; 1_and df, 23
Between

Means 11199,108.167| 199,108.167

Fat .05 4.28
12.43

Within Fat .01 7.88
Groups 23 1368,325.833] 16,014.166 :

Total 24 1567,434.000

TABLE 3

SUMMARY: ANALYSIS OF VARIANCE OF TIME USED BY HIGH SCHOOL
AND ADULT GROUPS TO COMPLETE INSTRUCTIONAL SYSTEM

Source of ~Sum of | Mean Square From Table F for
Variation | df | Squares (variance) F df1 1 and df, 23

Between
Means 1] 233,248.167} 233,248.167 F at .05 4.28
15.45
F at .01 7.88
Within -

Groups 231 347,175.833] 15,094.601

Total 24 | 580,424.000
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TABLE 4

SUMMARY: ANALYSIS OF VARIANCE OF TIME USED BY COLLEGE
AND ADULT GROUPS TO COMPLETE INSTRUCTIONAL SYSTEM

Source of Sum of | Mean Square From Table F for
Variation | df | Squares | (variance) F dfy 1 and df, 18
Between

Means 1 1,125 1,125

Fat .05 4.41
.243

Within F at .01 8.28
Groups 18 83,255 4,625.28

Total 19 84,380

As noted in Chapter I. low ability high school students are those
whose combired scores on the verbal and numerical section of Differential
Aptitude Tests or on the Verbal Quantitative sections of the School and
College Ability Tests were from the 0 to 25 percentile. Low ability
college students are those whose composite scores on the Verbal and
Quantitative Washington Pre-College Test Battery were from the 0 to 23
percentile. Average ability high school students are those whose scores
were from the 26 tc 74 percentile and average ability college students
are those scoring in the 24 to 77 percentile. High ability high school
students are those whose scores were in the 75 to 100 percentile and
high ability college students were in the 78 to 1060 percentile.

Table 5 presents the participant scores on the performance pretest..
Observed scores on the performance pretest indicated that the students
selected as subjects for this study did not possess the capability to
join two pieces of steel by the electric arc welding process. Some par-
ticipants selected correct items involved in work of this unit; however,
they were unable to get the equipment and materials ready and run a
welding bead. The majority of participants made no attempt to make a
welding bead. They simply stated they did not have the capabilities
necessary to proceed.

Table 6 presents the participant scores on the 30-item knowledge
pretest. Observed scores on the knowledge pretest indicate that most
of the participants possessed some prior knowledges of the electric arc
welding process. Participants were requested to refrain from guessing
so that the scores would indicate true evaluations of previous knowledges.
The questions utilized in the knowledge pretest involved the beginning
operations of the welding process so that it would be expectad that
previous exposure to equipment and materials would have provided partici-
pants with enough general knowledge to obtain a fairly high score.
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TABLE 5
PERFORMANCE PRETEST SCORES

~ Total
Ability 5 Scores Participants
—0-9110-271 28-36 [ 37-
Number of High School Students
High 7 cee cee 7
Average 5 coe cee 5
Low 3 <o ceo 3
Total B 1 oo | oo [ .. 15
Number of College Students
High 1 . cee . 1
Average 7 . . . 7
Low 2 . . . 2
Total 0 | ... ces 10
o Number of Adults
Untested 10 cee coe 10
_ “Total
. 35 l . . 35

It was evident, however, from item analysis that the participants
did not possess the more specific, technical knowledges necessary for
successful completion of the instructional system. This was supported
further by participants' low scores on the performance pretest.

Total scores obtained on knowledge review tests at the conclusion
of the programed instruction in each of the four parts are tabulated
in Table 7. When participants missed an item, they were directed to
review the appropriate materials until they could complete all items
correctly. However, their initial score is the one tabulated on Table
7.

The observed knowledge scores do not indicate a major variation
between groups of participants or between ability levels within groups.
Al1 participants were quite successful in the knowledge review tests
with only one high-schooi student and one adult missing more than one
item. '
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TABLE 7
KNOWLEDGE REVIEW TEST SCORES

Abil3 Scores :
bility ’ Tota
27[ 28] 297 30| Participants
Number of High School Students
High o]l ..l 1} 6 7
Average } ..| ..} 2] 3 5
Low .1 11 11 1 3
Total | ..t 1! 4110 15
Number of College Students ,
High N B R 1
Average |..|..|] 3] 4 7
Low ol 111 2
Total |..1..] 4] 6 10
: Number of Adults
1 Untested] 11..] 31| 6 10
: Total
ARERE 35

Table 8 presents the total performance score for the participants'
eiectric arc welding practice sessions. The jury determined satisfactory
performance levels for each part of the instructional system. As each
participant reached this level of performance for each part, he was
directed to proceed to the next. But no one could proceed to any part

; untii he had reached the satisfactory level of performance on the pre-
3 ceding part. Therefore, perfornance scores are the same for each
E participant.

Time Used for Completion of Instructional System

Table O presents the amount of time utilized by participants for
- completion of Part One, Equipment and Safety. The tabulated times
: inclyide film viewing, use of the Instruction Book, and practice sessions.
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TABLL 8

TOTAL PERFORMANCE SCORES

Acceptable Tevel
Ability of performance-- Total
45 Participants

Number of Hiagh School Students

High 7 7
Average ) 5
Low _ o 3
Total __ib 15
Number of College Students
High 1 1
Average 7 7
Low 2 2
Total 10 10
Number of Adults
Untested 10 10
Total
. 35 35

The range of times used to complete Part One was from 20 to 45
minutes. The average tine was 31 minutes for tnec three groups.
Observations indicate that time used to complete Part One varied as
much between groups as between ability levels of the high school and
college students. The tasks involved in Part One called for develop-
ment of simple motor skills which required a relatively Tow amount of

time from all groups

Table 10 presents the amounts of time utilized by participants

for completion of Part Two, Striking an Arc.

The time indicated

includes film viewing, use of the Instruction Book, and practice

sessions.
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TABLE ¢

TIMES USED TO COMPLETE PART 1
(EQUIPMENT AND SAFETY)*

Ability |. . Times 1 Total
0:20] 0:30] 0:35 [0:457] Participants
iuriber of High School Students
High 1 3 2 1 7
Average 1 3 1 . 5
Low 1 .o 1 1 3
Total 3 6 4 2 15
Number of College Students
High .o .o 1 .o 1
Average 2 2 2 1 7
Low . i .. 1 2
Total 2 3 3 2 10
Number of Adults
Untested 1 7 2 .o 10
Total
6 16 9 4 35

“*Time tabulated in hours:minutes to the
nearest five minutes.

The time needed to complete Part Two varied from 20 minutes to
one hour. The average was 31 minutes for the three groups. The tasks
in this part are more difficult and require more time for the high
school and college students than the adult group.

Table 11 presents the amounts of time used by participants for
compietion of Part Three, Running a Bead. The tabulated times include
film viewing, use of the Instruction Book, and practice sessions.

The minimum time was 1 hour, 50 minutes; maximum time was 9 hours,
20 minutes. The average was four hours for ali groups. Higa school
students required more time to reach satisfactory levels of performance
than the college and adult groups. The average time for the high school
group was 5 hours; Tor the college group it was 2 hours, 58 minutes; and
vor the adult group it was 3 hours, 22 minutes.
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TABLE 10

TIMES USED TO COMPLETE PART 2
(STRIKING AN ARC)*

~ Total
Ability Times Participants
0:20[ 0:30V 0:35] 0:45] 0:50 1:00
Number of High School Students
High 1 5 . .. ] .o 7
Average 1 3 .. .o . ] 5
Low .o 1 . .o 2 .o 3
Total 2 9 .o ‘e 3 ] 15
Number of Collgge Students
High ‘e 1 . .. . . 1
Average 1 4 .o 2 .e .o 7
Low e 2 1 .. . .o . 2 _
Total 1 lr—7 . 2 .o .o 10
Number of Adults _
Untested 1 8 ] | . .o | .o 10
Total
4 l 24 ] l 2 | 3 1 35
. | !
*Time tabulated in hours:minutes to the nearest five
minutes.

The maximum time for any participant in the first two parts was 1
hour for Part Two. The maximum time of 9 hours, 20 minutes required
for Part Three, Running a Bead, indicates the higher level of perceptual-
motor skill developed in this part. (See Table 11)

Table 12 precents the amounts of time used to compiete Part Four,
Fillet Wreld. The tabulated tires include film viewing, use of the
Instruct on Book, and practice sessions.

Amounts of time used to complete Part Four ranged from 20 minutes
to 3 hours, 10 minutes. The average time used by all groups to complete
cart Four was 1 hour, 16 minutes. The average time for the high school
group was 1 hour, 30 minutes with the longest %ime being 3 hours, 10

45




AR R D S o s

3 R e PN IR e

9t

"S9INULLI BALJ 3SSUEDU Bl 03 SIINULWISANOY UL PIILINGeI BuLl
1 Ly tjLyptptjejfejejp] tpryryelejrpejrejejreprje|lt]efe ===
18301
ot b L ] | oo
— S3LNpy J0 Jdaquny
or | 11Tt -T 111111z [-T-I-T-itz[-[z]T [ tesor
Z T-T-T-- -1 rrrrrrirerg 407
AR RN EEI N R RN ER R
R RN NN RN EE YGLH
A S3U3pn3lS oboal[0) 4O JA3aquny
4l LyijL)ty=fejtfeyt=tey-={-f-yefeypeyref-=t=1t-{-1-1{-1- Le3jo]
3 -1t~ 1t T~ rrrrrrre - rrriT Mo
G =1=1=1=1=1=1=tutuey=fuf-1=1-1ut-1-{uel-1-1-|-|-|-]- | obeasay
A R R E A R R e R e N AU R R R R ER R R RN YGLH
S3UapnN3s |00YIS YbiH JO 4squny
mor | 22 (X2l e lelelelz2]alalele|ele|e[pele Izl | )
LI BBzl RBRIBREEREREEEBERE L
solLl

»(0Y39 V ONINNAY) € 1dVd 3131dW0J 01 Q3sn SIWIL

LL 378vL




minutes used by a high ability student. The shortest time in the high
school group was 40 minutes for an average ability student.

The college students used an average of 1 hour. Seven of the ten
students in this group used less time than the average for all groups.
The shortest time used in this group was 35 minutes by one average
ability and one low ability student.

Time for adults ranged from 20 minutes to 50 mii
adult time was 37 minutes. A1l adults completed thi
the average time used by all groups.

nutes. The average
s part in less thaii

Table 13 presents the total amounts of time required to complete
Parts One, Two, Three, and Four. The tabulated times include film
viewing, use of the Instruction Book, and practice sessions. Amounts
of time to complete the instructional system ranged from 3 hours, 30
minutes to 13 hours, 10 minutes. The average total time for all groups
to complete the instructional system was 6 hours, 8 minutes.

The time needed for the high school group to complete the system
varied from 4 heurs, 55 minutes to 13 hours, 10 minutes. This group
averaged 8 hours, 5 minutes.

The high ability high school students used from 5 hours, 10
minutes to 13 hours, 10 minutes to complete the work. Their average
was 8 hours, 6 minutes. One of the seven high school students rated
as high ability completed the work in less than the average total time,
but the remaining six high ability high school students required con-
siderably more time.

Average ability high school students used from 4 hours, 55 min-
utes to 8 hours, 35 minutes to complete the work. Average time for
this group was 6 hours, 26 minutes. Two average ability high school
students completed the system in less time than the average total time,
one required only two minutes more than average total time, and the
remaining two average ability high schooi students required consider-
ably more time.

The low ability students used from 6 hours, 30 minutes to N
hours, 26 minutes to complete the work. The three low ability students
in the high school group used more than the average total times but
did not reach the level of time required by the twe slowest hish
ability students.

College students used from 3 hours, 30 minutes to 8 hours to
complete the instructioral system. Average time for college students
was 5 hours, 1 minute. College students were more consistent in time
used to complete the work. Only one college student used more than
the average total times for all groups to complete the work.

Adults used from 3 hours, 35 minutes to 6 hours, 40 minutes to
complete the system. Average time for adults was 4 hours, 59 minutes.
Eight of the ten in this group used less time than the average total
time for all groups.
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Observations of resuits indicate that high, average, and low
ability high school students differ greatly in the amount of time
necessary to complete the work in this instructional system. College
students of high, average, or low ability did not vary as greatly as
to amount of time needed to complete the work; however, there was only
one high ability college student in the group.

The greatest variation appeared between the groups of high school,
college, and adult participants. The college and adult groups required
considerably less time to reach satisfactory levels of performance
than did the high school group. More than 67 per cent of the high
school group used more time than the average time for all groups.
Whereas, 15 per cent of the college and adult groups used more time
than the average total time for all groups. It would appear that age
level rather than ability level is a more important factor in regard to
cime used in ccmpleting the instructional system.

Frequency of Film Viewing

Table 14 presents the frequency of film viewing during participa-
tion in the instructional system.

There was a large variation in the number of times the particip-
ants viewed the films, with an average total for all groups of almost
six times for the four films. Film viewing varied from a minimum of
cne time for each of the four films to a maximum of three and one-haif
times for each of the four films.

High school students of high ability viewed the films more times
than those of average or iow ability high school students. Four out
of seven high ability high school students viewed the films more times
than the average viewing for all groups.

High school students of average ability viewed the films from
four to six times. Four of the five average high school students
viewed the films less than ihe average for all participants.

Two 1ow ability high school students viewed the films four times
or one time for each film. One low ability high school student viewed
the films more than the average for all participants -- a total -of
eight viewings.

The one high ability college studenc viewed the films a minimum
number of times or one viewing for each film. :

The average ability college student viewed the films from five to

nine times, with two students viewing the films less than the average
for all groups, and three students viewing the films more.
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One college student of low ability viewed the films less than
the average for all groups.

Nine of the ten adults viewed the films less than the average
for all groups. As the participants proceeded through the instruc-
tional system, it was noted that high school students viewed the
films more often than college students, and college students viewed

v bham dhia aldaiTdha
[ LIIC AUUl L.

TABLE 14
FREQUENCIES OF FILM VIEWING*

Ability Frequencies  Total
AT 5 1617181 9 [ 1T [14]
Number of High School Students
High 11241} -11]- 1 1 7
Average |2 2 J1 |~ -1~ - - 5
Low 21 ~-f-1-111] - - - 3
Total |51 4 2 |-12]) - 1 1115
Number: of College Students
High 1i1=-1-1-1-1- - 1
Average |- |12 ]2 12]-1]1 - - 7
Low - 1111l -1-1- - 2
Total 1 {3 |3]2]|-]11]-1]-1]n10
Number of Adylts
Untested {4 |5 |1 |- -3~ - - 110
i

--- 10 N2 |6 12 (2]1 1 1 135

*Total viewing of four Tilms.
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Student Errors in Programed Instruction Book

Table 15 presents the total number of student errors in the pro-
gramed Instruction Book. When an error was made, the participant made
the proper correction, then continued with the instruction. The ori-
ginal responses were recorded and tabulated in Tablie 15.

Errors made by all participants during completion of the pro-
gramed Instruction Book totaled sixteen.

Four high school students of high ability made no errors. Two
students made one error, and one student made four.

Three high school students of average ability made no errors.
One student made one error, and another made two errors.

Two low ability high school students made one error, and another
made three. There appears to be no pattern of relationships between
arrors and high school ability groups.

A1l of the college students completed the programed instruction
with no errors.

Eight adults completed the programed instruction with no errors.
Two adults made one error.

College students and aduits made fewer errors than high school
students.

TABLE 15

NUMBER OF STUDENT ERRORS MADE DURING USE OF THE
"~ PROGRAMED INSTRUCTION BOOK

T Apility | Number of Errors| Total
ol112i314
Number of High School Students
High F12]-1-11 7
Average 3111l-1- 5
Low _;_2__:__1__- 3
Total 1715111 15
Number of College Students
High i j-7-4-1- |
Average |7 |~|-1|-1}|- 7
Low 2i-t-1-1- 2
Total NO[-|-1-1- 10
Number of Adu%}s 1
‘Untested 18'2 |- = |- 10
_ otal
S N A L L L
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Fiim Evaluation by Students

At the conclusion of each film viewing, the student was directed
to evaluate the film. A Form for this evaluation was included in the
Instruction Book. Each student was requested to rate the film to his
1iking of it, its length, ease of comprehension, speed, sound, and
readability.

Rasponses indicate that 98 per cont liked the films, The freo-
quency distribution of these responses is si.own in Table 16.
TABLE 16
FREQUENCY DISTRIBUTION OF STUDENTS
LIKING AND DISLIIIING FILMS
High School] College Adults
Response Film No. | Film No. Film No. Totals
1] 2] 3] 4 3f4 T 2 4
g I Tiked the
4 Tilm 15114 {15[14 10y10{10i10{10}10}{10] 10 138
. I didn't iike
the film st -11]-1-t-t-1-t-f- - 2

Single-concept films provide opportunity to concentrate instruc-
tion in short time spans. Ninety per cent of the respondents indicated
that the length of time was satisfactory. The fraquency distribution
5 of respondents views regarding iength of the single-concept film is
. shown in Table 17. .

TABLE 17

FREQUENCY DISTRIBUTION OF STUDENT RESPONSES
EVALUMTING LENGTH OF FILMS

4 High Schoo COIIege AduTts

4 Response Film No. | Film No. | Film No. Totals
] 12131 & LT 2] 31 4[] 2] 3] &

] Too long S IR 1P P I 1 IR Y ) 2

: Too short 1131212 )~y -]=}-f~-}-|1]- 9

3 Correct

4 Length 14 11 1313 {101 910 9]10;10] 9410 128
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Eight high school students and one adult indicated that the films
were "0 short. One high scnocl student and one college student sug-
gester - feeling that the films were too long.

instruction presented in the singie-concept film was comprehen-
sible. Twelve high school grcup respondents indicated the film
mediated instruction was too easy. WNinety per cent of all responses
indicaicd the level of difficulty was about right. No respondents
indicated excessive difficulty.

The frequency distribution of responses concerning difficulty
is shown in Table 18.

TABLE 18

FREQUENCY DISTRIBUTION OF STUDENT RESPONSES EVALUATING
DIFFICULTY OF FILM MEDIATED INSTRUCTION

| High School] College | Aduits
Response Film No. Film No. Film No. Totals
2] 3141 11213 2] 3 &
Toe difficult -t -l-t-t-t--t-t-=t-l-1 -=--
foout right 131013 |12] 9]10{10] 10{10}10{10{10 | i27
Tao easy 21 5y 21 3} ) -1 -l <} -¢ -] - - 13
i

Three responses from the high school group indicated the films
moved too fast and three responses from this same group indicated the
films went too slow. A1l other responses show that participants con-
sidered the films moved at the right speed.

The frequency distribution of responses concerning the speed of
the mediated instruction is shown in Table 19.

TABLE 19

FREQUENCY DISTRIBUTION OF STUDENT RESPONSES EVALUATING
SPEED OF FILM MEDIATED INSTRUCTION

High School| College Adults
Response FilmNo. | Film No. | Film No. Totals
T1 2| FTT)1 2131 4 2] 3] 4
Too fast <111} =) =) =] =] =] =] <] - 3
Right speed 15113013 hiaholofrolrofrofiof10f10| 134
Too slow <11 V1= =] -] =-1-] -l - 3
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Nine high school students indicated difficuity in understanding
the films verbal presentations. Three college students and two adults
also had problems. Ninety per cent of all responses indicated the
sound was clear and easy to understand. '

The frequency distribution cf rasponses concerning the sound is
shown in Table 20.

TABLE 20

FREQUENCY DISTRIBUTION OF STUDENT RESPONSES EVALUATING
DIFFICULTY COMPREHENSION OF SOUND

| High School | toTTege Adults
Response Film No. [ Film No. | Film No. Totals
T2l 3L 411 2r 34 11 21 31 4

Very clear and easy

to understand 12114 [13[121 8] 9|10110]10f 91101 91 . 126
Difficult to
understand 311124 312114 <1 -1 -1 1] -1 1 14

Participants evaluated the ease with which they could read printed
words uses in the films. Almost 99 per cent of the responses indicated
that the words were easy to read.

Frequency distribution showing ~csponses evaluating difficélty of
reading words is shown in Table 21.

TABLE 21

FREQUENCY DISTRIBUTION OF STUDENT RESPONSES EVALUATING
EASE OF READING WORDS ON FILMS

, High School] College AduTts
Response F1im No. | Film No._ [ Film No. Totals
a 213 417 T3ty
Easy to read - | 15]15{15]15] 9 i0j 10} 101 9|10]10}10 138
Difficult to read L ==l =J1h-} - -}~ -]- 2
Couldn’t read 1 =t=t =1-1- - =l -| - -} - ---

Analysis of this data indicates very 1ittle association between
ability levels of students and student response to the six £ilm evalua-
tion measures.
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CHAPTER V
SUMMARY AND CONCLUSIONS

Results

A1l participants reached levels of performance as predefined as
satisfactory by the jury of welding experts.

Prior to use of the instructional system, participants possassed
few or no electric arc welding skills.

Prior to use of the instructional system, participants possessed
some knowledges utilized in performing the electric arc welding pro-
cess. The average score for all participants on the knowledge pretest
was 17.8 correct responses, a percentage of 59 per cent. Upon comple-
tion of the instructional system, the average score of all participants
in the knowledge re:‘aw tests was 29.5 correct responses, a percentage
of 38.3 per cent. This is a 65 per cént average gain upon completion
of the systenm.

Time used by individual students to reach predefined levels of
performancex ranged from 3 hours, 30 minutes to 13 hours, 10 minutes.
the average was 5 hours and 10 minutes.

Time used to.complete the system varied between and within ability
levels and groups. Ccllege and adult groups required lass time than
the high school group to complete the instructional system.

Frequency o? filmlviewing varied between and within groups. The
adult group viewed the films least often. In the high schcol group,
high ability level students viewed the films most often.

Errors in use of programed instruction varied. The high schoo

. group made 14 errors, the college group made no errors, and the adult

group made two errors..

A1l subjects gained in knowledge.

Interpretations and Conclusions

Results of this study indicate that the polysensory instructional
system was effective in teaching knowledges and high level perceptual-
motor skills involved in electric arc welding. Acceptable levels of
performance were reached by all participants which suggests that general
mental ability appeared to be an irrelevant factor in learning arc
welding skills.

By use of this instructional system, high school students acquired
these particular knowledges at varying rates of speed and also developed
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these perfo:mance skills (¢ various rates. This seems to indicate a

ne$$ifor flexibility in such instruction at various levels of student
ability.

The fact that college and adult groups reached satisfactory perfor-
mance levels in considerably shorter time than the high schooi group

implies a need for flexibility of instruction to meet -ved of various
age qroung,

Frequency of film viewing by high school students varied within
and between ability level groups. The fact that the higher ability
studeats viewed the films a greater number of times may indicate a
stroner need to perform at a high level. Such studen®s may also have
developed repetitive habits as a result of pravious instructional
experiences.

The fact that all participants indicated they considered the
programed instruction an essential component of the instructional
system and that the system would have been less effective without it,
supports the concept of instructional systems comprised of components
each of which coniributes a function and reinforces the others.

Resuits of student performance indicate that in substantial

3 degrees, students can evaluate their owr progress in develeping mani-
4 puiation skills, provided they are familiar with the criterion of

3 accentable performance. They can also diagnose difficulties encoun-
tered in development of skills and make appropriate adjustments to
improve their performance. The fact that participants independently
evaluated, improved, and then completed their work supports the feasi-
bility of self-evaluation in development of skills.

Recommendations

An instructor should be available to help students overcome indivi-
dual learning problems which may prevent normal progress in learning
high level perceptual-motor skills. A student may only need the moral
support of an instructor being close at hzad. However, in learning high
level perceptual-motor skill such as electric arc welding, it may be

] necessary for the instructor to grasp the student's hand and help him

> run a welding bead. By giving this assistance, the instructor may be
providing the stimulus necessary for the student to develop proper
insight into this manipulative operation which will enable the student
to reach a satisfactory level of performance. The instructor should

also be alert to the possibility that some students may be inclined to
by-pass portions of the instructional system. When this occurs, students
encounter difficulty in completing the instructionai system or do not
compiete it at all.

- The system should be tested with controlled groups to ascertain
4 more precisely the strength of this approach to instruction.
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Systems utilizing other types of components organized to teach for
similar objectives should be developed.

Additional research should be designed to test the strength and
instructiona? values ef arious components of this instructional system.

Such systems-should:be tested in schools, job corps, industry,
and adult educational programs.

Interaction between students should be build into systems and
evaluated for effectiveness.

Implications

Results of this study indicate the practability of utilizing poly-
sensory instructional systems for learning of high level perceptual-
motor skills and kncwledges. Such self-pacing systems allow each _
student to progress at his own best rate with a minimum of involvement
by the instructor. Results also indicate that individuals wili accept
responsibility for advancement in learning processes if provided the
opportunity.

Implementation of systems of inst:.uction could modify the role
of the instructor. The instructor may become a leader, diagnostician,
counselor, and manager of instruction. Considerably less time would be
spent in preparation and presentation of instructional material because
the system would transmit to students more of the materials and pro-
cedures necessary for learning.

8y utilizing systems of instruction, instructors can
have more time for:

g
H
:
{
{
}

1. Helping studenté overcome individual learning problems which
may be preventing normal progress in the learning process.

2. Providing leadership for small and large group activities.
3. Developing and preparing suppTementary instructional materials.

4. Manipulating the educational environment to increase the student's
opportunities for further development of concepts and skills.

e e e T e ararg = o6 74 -2
'

Adaptation and utilization of the systems approach also has impli-
cations for planning industrial education facilities. Individual and
small group instructional areas would need to be located so as to pro-
vide easy student access to equipment and materials of an instructional
resource center. Design of facilities should encourage flexibility
and change for adaptation to evolving educational technology.

Development and utilization of instructional systems such as the
one tested in this study also have implications for:
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Grading and classification of students. Grading as it is
known can be eliminated because students' performance will
be evaluated as satisfactoy upon reaching estabiishad
criterion levels of achievement. Students can advance at
their own pace.

Improving adult education programs. Systems of instruction
may be utilized to upgrade undertrained workers and retrain
displaced workers.

Curriculum development. Educational programs would be pre-
pared by experts and used only after lengthy tryout and
revision.

Teacher-training. Teacher-training institutions and others
in education will adjust to the fact that "instructional
staff" 1includes both ends of the mediation process. There
will be a reshuffling and reassignment of personnel; tech-
nology will force the transfer of classroom teachers from
one side of mediation to the other. A large portion of
the teaching profession may become engaged in preparing
instructional materials with 1ittle, or no, direct face-to-
face contact with students.

Development of more flexibility. Instruction can better
be adapted to the abilities and needs of the learner.
Traditional lockstep classes can be eliminated and more
instruction can be available where and when it is needed
to meet students' interests.

60




BIBLIOGRAPHY

Allen, William H. "Media Stimulas and Types of Learning." Audin-Visual
Instruction, 12 (January, 1967), 27-31.

Sakamis, William A., and Others. "Identification of Task and Knowledge
Clusters Asscciated with Performance of Major Types of Building
Trades Work." Vocational-Technical Education Project, Departmernt
of Education, Washington State University, Pullman, Washington,
December, 1966.

Barnes, Fred P. Research for the Practitioner in Education. Washi:igton,
D.C.: National Education Association, 1964.

Beck, L. F., and A.A. Lumsdaine. "The Comparison of Two Methods of
Teaching the Assembly and Disassembly of a Portable Radar Statior,"
Instructional Film Research 1918 - 1950. Technical Report S.P.C.
269-7-19, Special Devices Center, Port Washington, L.I.,N.Y., 1951.

Bloom, Benjamin S. Taxonomy of Educational Objectives, Cognitive Domain.
New York: David McKay Company, Inc.,. 1966.

Briggs, Leslie J. "Problems in Simulation and Programing in the Design
of Complex Skill Trainees." Paper presented in Symposium on
Research Issues in the Study of Human Learning Raised by Develop-
ments in Automated Teaching, American Psychological Association
Annual Convention. Cincinnati, Ohio, Sentember, 1959.

. "A Procedure for the Design of Multi-Media Instruction,"
Audio-Visual Instruction, 12 (March, 1967), 252-53.

Briggs, Leslie J., Peggy L. Campean, Robert M. Gagné, and Mark A. May.
Instructional Media: A Procedure for the Design of Multi-Media
Instruction, A Critical Review of Research, and Suggestions for
Future Research. Pittsburgh, Pennsylvania: American Institute:
for Research, 1966.

Bryan, Glenn L., and Others. "The AUTOMASTS: .An Automatically Record-
ing Test for Electronics Trouble Shooting." Technical Report No.
};,4COntract NONR-228 (02), University of Southern California,

54,

Bureau of Adult and Vocational Education."Curriculum CGuide tc Adult

.

Basic Education. Washington, D.C.: Government Printing Office,
1966.

Burns, John L. "Our Era of Opportunity," Saturday Review, 50 (January
“ 14, 1967), 39. .

61




Canfield, Albert A. "Media in thn Bakland Community College Instructional
Systems Approach." Curric Research and Development Department,
Oakland Community College, Bioomfield Hills, Michigan, 1965.

Coleman, Lewis L. "An Experiment in Programming the Care and Use of Air-
Craft Mechanics Hand Tools," Trends in Programmed Instruction.
Edited by Gabriel D. Ofiesh and Wesley C. Meierhenry, Department
of Audiovisual Instruction. Washington, T C.: National Education
Association, 1964.

Corrigan, Robert E. *Programmed Instructfon as a Systems Approach to
Education,” Trends in Programmed Instruction. Edited by Gabriel

; D. Ofiesh and Wesley C. Meierhenry, Department of Audiovisual
3 {ng:ruction. Washington, D.C.: National Education Association,
: 964.

3 Department of the Air Force. Programmed iea}ning. Washington, D.C.:
3 Government Printing Office, 196/.

Egbert, R.L. "Total Information System Design for a University," The
Automation of School Information Systems. Edited by Don BushnelT,
Department of Audiovisual instruction. Washington, D.C.: National
Education Association, 1964.

Fry, Edward B. "Teaching Machine Dichotomy: Skinner Versus Pressey."
Paper presented at American Psychological Association Annual Con-
vention. Cincinnati, Ohio, September, 1959.

/
Gagne, Robert M. (ed.). The Conditions of Learning. New York: Holt,
. Rinehart and Winsten, Inc., 1965.

. Psychological Principles in System Development. New York:
Holt, Rinehart and Winston, Inc., 1962.

Garrett, Henry E. Statistics in Psychologxan& Education. New York:

Longmans, Green and Co., 1960.

Gerlach, Vernon S., and John M. Vergis. "Self-Instructional Motion
Pictures,” Audio-visusl Communication Review, 13 (September -

October, 1965), 196-204,

Goldstein, Leo S. "Research in Programmed Instruction: An Overview,"
Trends in Programmed Instruction. Edited by Gabriel D. Ofiesh and
WesTey C. Meierhenry, Department of Audiovisual Instruction. Wash-
ington, D.C.: National Education Association, 1964.

Gordon, Roger Lawrence. "An Investigation of the Effect of a Programmed
Instructional Method on Skil? Learning in Audio-Visual Education."
Unpublished doctoral dissertation, Michigan State University, 1965.

Gropper, George L. "Learning from Visuals: Some Behavioral Considerations,"
Audfo-Visual Communication Review, 14 (Spring, 1966), 37-69.

62




Haizlip, Harold C. Technology in Education. Washington, D.C.:
Government Printing Office, 1966.

Hamblen, John W. "fotal Information System Design for a University,"
The Automation of Schoo! Information Systems. Edited by
Dor Bushnell, Department of Audiovisual Instruction. Washington,
D.C.: National Education Association, 1964.

Harby, S.F. “Evaluation of a Procedure for Using Daylight Projection
of Film Loops in Teaching Skills." Human Engineering Report
269-7-25, Pennsylvania State College Special Devices Center.
Port Nashington, L.I., N.Y., 1944,

Jaspen, Nathan. “Effects of Training on Experimental Film Variable,
Study II, Verbalization, Rate of Development, Nomenclature, Errors,
How-it-works, Repetition," Technical Report S.D.C. 269-7-17,
Instructional Film Research Program, Pennsylvania State College
Special Devices Center, Prot washington, L.I., N.Y., 1952,

Katz, David. Gestalt Psychology, Its Nature and Significance. New
York: Ronald Press, 1950.

Krumboltz, John D., and Barbara Bonamitz.- "The Effect of Receiving the
Confirming Response in Context in Programmed Materials," The
Journal of Educational Research, 55 (June - July, 1962), 472-75.

Lang, Jackie, and J.E. Melton. "Mechanical Training with the K-38
Revolver," Trends in Programmed Instruction. Edited by Gabriel
D. Ofiesh and Wesley C. Meierhenry, Department of Audiovisual
{ng:ruct1on Washington, D.C.: National Education Association,
964.

Mager, Robert F. eparing Instructionat Objectives. Palo Alto, Cali-
fornia: Fearon Publishers,

Margolins, Garry J., and Fred D. Sheffield. Student Response in Pro-
Grammed Instruction. Symposium on Programmed Instruction,
Publication 943. Edited by A.A. Lumsdaine. Washington, D.C.:
National Academy of Sciences, National Research Council, 1961.

McNiven, Malcom. "Effects on Learning of the Perceived Usefulness of
the Material to be Learned." Technical Report S.D.C. 269-7-54,
Instructional Film Research Reports, U.S. Naval Special Services
Center, Port Washington, L.I., N.Y., 1955.

McPherson, J.J. ‘"Let's Look at the Systems Concept of Educational Plan-
ning." Educational Media Branch, Office of Education, U.S. Office
of Health, Education, and Welfare, Washingten, D.C. (n.d.).

Meierhenry, Wesley C. (ed.). "Needed Research in the Introduction and
use of Aud10-V1sual Materials: A Special Report," Audio-visual
Communication Review, 10 (November - December, 1962) 3

63




Murnin, J.A., S.F. Harby, and W. Hayes. "Daylight Projection of Film
Loops as the Teaching Medium in Perceptual-Motor Skill Trajning."
Technicai Report 269-7-26, Pennsylvania State University Special
Devices C:nter, Port Washington, L.I., N.Y., 1953.

Nelson, H.E., and K. Moil. "Comparisor of the Audio and Video Elements
of Instructional Films." Technical Report $.D.C. 260-7-18,
Instructional Film Research Program, Pennsylvania State College
Special Devices Center, Port Washington, {,I., N.Y. 1050,

Ned, D. Morgan. "The Effect of Attention Gaining Devices on Film-
Mediated Learning." Technical Report S.D.C. 269-7-9, Instruc-
tional Film Research Program, Pennsylvania State College Special
Devices Center, Port Washington, L.I., N.Y., 1950.

Nunnally, Jum . Educational Measurement and Evaluation. New York:
McGraw-Hi11 Bock Company, 1964. g

Pipe, Peter. Practical Programming. New York: Holt, Rinehart and
Kinston, Inc., 1966.

Refd, Christopher J., and Donald W. MacLennan.. Summaries of Studies:
Research in Instructional Television and Film. Washington, D.C.:
Government Printing Office, 1967.

Rimland, Bernard. "Effectiveness of Several Methods of Repetitions of
Films." ‘echnical Report SPECSEVCEN 269-7-45, Pennsylvania State
?niversity Special Services Center, Port Washington, L.I., N.Y.,

955.

Roschal, Sol M. "Effects of Learner Representation in Film-Mediated-
Perceptual-Motor Learning." Technical Report 269-7-5, Pennsylvania
?tate College Special Devices Center, Port Washington, L.I., N.Y.,

949.

Schram, Wilbur. Programed Instruction, Today and Tomorrow. New York:
Fund for the Advancemert of Education, Ford Foundation, 1962.

Slaughter, Robert E. Technology in Education. Washington, D.C.: Gov-
ernment Printing Office, 1966.

Stewart, Donald K. "A Learning Systems Concept as Applied to Courses
in Education and Training." Unpublished paper, Articulated Instruc-
%1onal Media Program, University of Wisconsin, Madison, Wisconsin,
964.

Trow, William Clark. Teacher and Technology: New Designs for Learning.
New York: Appleton-Century-Crofts, 1963.

United States Employment Service. Training and Reference Manual for
Job Analysis. Washington, D.C.: Government Printing Office,

64




it mtu R St ta i Sal

Murnin, J.A., S.F. Harby, and W. Hayes. "Daylight Projection of Film
Loops as the Teaching Medium in Perceptual-Motor Skill Training."
Technical Report 269-7-26, Pennsylvania State University Special
Devices Center, Port Washington, L.I., N.Y., 1953.

Nelson, H.E., and K. Moll. “Comparison of the Audio and Video Elements
of Instructional Films." Technical Report S.D.C. 260-7-18,

Instructional Film Research Program, Pennsylvania State College
Special Devices Center, Port Washington, L.I., N.Y., 1950.

Neu, D. Morgan. "The Effect of Attention Gaining Devices on Film-
Mediated Learning." Technical Report S.D.C. 269-7-9, Instruc-
tional Film Research Program, Pennsylvania State College Special
Devices Center, Port Washington, L.I., N.Y., 1950.

Nunnally, Jum C. Educational Measurement.and Evaluation. New York:

McGraw-Hi1l Book Company, 1964, -

Pipe, Peter. Practical Programming. New York: Holt, Rinehart and
Winston, Inc., 1966.

Reid, Christopher J., and Donald W. MacLehnan.* Summaries of Studies:
Research in Instructional Television and FiTm. Washington, D.C.:
Government Printing Office, 1967. -

Rimland, Bernard. "Effectiveness of Several Methods of Repetitions of
Films." Technica? Report SPECSEVCEN 269-7-45, Pennsylvania State
?niversity Special Services Center, Port Waskington, L.I., N.Y.,

955,

Roschal, Sol M. "Effects of Learner Representation in FiIm-Mediated-
Perceptual-Motor Learning." Technical Report 269-7-5, Pennsylvania
?tzte College Special Devices Center, Port Washington, L.1., N.Y.,

949,

Schram, Wilbur. Programed Instruction, Today and Tomorrcw. New York:
Fund for the Advancement of Education, Ford Foundation, 1962.

Slaughter, Robert E. Technology in Education. Washington, D.C.: Gov-
ernment Printing Office, 5966.

Stewart, Donald K. "A Learning Systems Concept as Applied to Courses
in Education and Training." Unpublished paper, Articulated Instruc-
%102a1 Media Program, University of Wisconsin, Madison, Wiscensin,
964.

Trow, William Clark. Teacher and_Iggﬂno1og¥: New Designs for Learning.
New York: Appleton-Century-Crofts, 1963.

United States Employment Service. Training and Reference Manual for
Job Analysis. Washington, D.C.: Government Printing Office,
1965.

64




Vandermeer, Abram W. "The Econemy of Time in Industrial Training: An
Experimental Study of the Use of Sound Films in the Training of
Engine Lathe Operators," Journal of Education Psychology, 36
(February, 1945), 65-90.

Vandermeer, A.W., and John Ccgswell. "Instructional Effect of the
Film: How to Operate the Army 16mm Sound Projector Set." Tech-
nical Report S.D.C. 269-7-29, Pennsylvania State University
Special Devices Center, Port Washington, L.I., N.Y., 1952.

Venn, Grant. Man, Education, and Work. Washington, D.C.: American
Council on Education, 1966.

Zuckerman, J.V. "Commentary Variations: Level of Verbalization,
Personal Reference and Phase Relations in Instructional Films
on Perceptual-Motor Tasks." Technical Report S.D.C. 269-7-4,
Instructional Film Research Program, Pernsylvania State College
Special Devices Center, Port Washington, L.I., N.Y., 1950.

65




e AR 1 e e T ke o ek < e e o e e w e O o AL Lot v e JEPA I

APPENDIX A

SOURCES OF FACTS USED FOR FORMULATING BEHAVIORAL OBJECTIVES

Althouse, Andrew D., and Cari H. Turnquist. Hodern ieiding Practice.
Chicago: The Goodheart-Wilcox Company, Inc., 1958.

Althouse, Andrew D., Carl H. Turnquist, and William A. Bowditch.
Modern Welding. Homewood, I11inois: The Goodheart-Wilcox
company, Inc., 1967. \

Giachino, J.W., William Weeks, and Elmer Brune. Welding Skilis and
Practice. Chicago: American Technical Society, 1965.

Hobart Brothers Company. Hobart Vest Pocket Guide: A Guide to Better
Welds. Troy, Ohio: Fobart Brothers Company, 1964.

___. Recommendations for Teaching Welding. Troy, Ohio: Hobart
Brothers Company, 1965.

Hobart Trade School. Modern Atg;Weldigg: Procedure and Practice.
Troy, Ohio: Hobart Trade School, Inc.

Hobart Welding School. Hobart Welding Schooi Workbook. Troy, Ohio:
Hobart Brothers Company, 1966.

Jefferson, T.B., and Gorham Woods. Metals and How to Weld Them.
?leveland, Ohio: The James F. Lincolin Arc Welding Foundation,
955.

Kugler, Harold L. Arc Welding Lessons: For School and Farm $Shop.
?leveland, Ohio: The James F. Lincoln Arc Welding Foundation,
958. .

The Lincoln Electric Company. New Lessons in Arc Welding. Cleveland,
Ohio: The Lincoln Electric Company, 1965.
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Masterton, Robert N. Study Guide for Welding 3«ills and Practices.
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